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(57) Abstract: 





PROBLEM TO BE SOLVED: To 
obtain a semiconductor inertia sensor 
which eliminates the need for a wafer 
pasting operation and a laser beam 
machining operation, which is 
suitable for high volume production 
and which is low-cost and to obtain a 
semiconductor inertia sensor whose 
parasitic capacitance is low and 
which is high in sensitivity and high 
in accuracy. 




SOLUTION: A second silicon wafer 

22 is pasted on one face of a first 
silicon wafer 21 in which films 30 
such as oxide films, nitride films or 
the like are formed on both faces, the 
other face of the first silicon wafer is 
polished, a single-crystal silicon layer 

23 is formed, a structure 24 which 
contains the single- crystal silicon 
layer is bonded to a glass substrate 10 
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in such a way that the single-crystal 
silicon layer is faced with a recess 11 
on the glass substrate 10, and the 
second silicon wafer and the films 20 
are removed. When the exposed 
single-crystal silicon layer is etched 
and removed selectively, a 
semiconductor inertia sensor 30 
which is provided with fixed 
electrodes 27, 28 and with a moving 
electrode 26 sandwiched between 
them and which is levitated at the 
upper part of the glass substrate is 
obtained. 
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[IBS] ?x-/\©HW^fo-tK>U-- tfiOEDBCfRT? 

S*ifclSiS/'J3>#x--./\2 i<z>#[g}ci!2S/Un> 
tfx-A2 2&Jtt»M;b"fc II i/'j3>>5x-;\0i 

wtzmmvxw&ki/v ^>m 2 3 &ji&*u 

l> 3>JiS:*trt«6»2 4 U ziyMtfif 1 ?* 

mi. l 0 CDGflSP l 1 lc*f!6j1-£ i e> JC^^IHStcij^ 
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l ] '> V 3 > ? x - a (21) ©tf® fc J/IJ3> 
&SWtf*"f lex > if«rtefcBI(20) L Tms&is 
U 3>S(23))W^t$tlfe«Bift(24) SrlWB^BSS/U 
3>»(23) £Mfa£l±T#5*^(10)ag^rf SXS 
4:, 

UBBS/l>3>9x-A(22)S:tifgBIR(20)«:xv^h'j; 
^flfcUTxy^yflfci-faxfli:, 

Huian(2o) Lxwmmamis u 3 >»(23) ssai 

Sltfcffe. ifflB*ISai"J3>»(23)S:jaRWlcxr5;^ 10 
>m*-r-53^{Cd:»J, ltrBB^5^a6S(l0)±}c«^ 
L&m&S/ U 3 & ft«-?t*©H3tftfii(27 ,28) £ 

itBB— *f©H3t«fli (27 , 28) tc^* twatf 5 xa 
«(io)©±*»c?sww-***sfi5/y 

S(26) i: Sr*i-*iNMW»l4-fe>-y-(30) fcffSXSi: & 

[St$& 2 ] ^^»K(io)©«iBtctftffimB(i2) & 
jgtfW-SXgi:, 

J/ y 3 > x \ (21) ©#® tc i/Un> &$fc&i±"f lex 
y?yy»Sm%.m.20) trftLTW&&i/ y 3 >Jf(23) # 20 
Jf^S*ifcH86f*(24) SgfflBWgaS' y 3 >Jf(23) 
IfiiIS-ttT3V9^3SIR(io) {cg^-rsxS£:> 
KfiBS/y 3>tf xWN(22)fcffflER(20)fcxy*-* 

ii(flBI)t(20) &R*£LTtflRB¥l5a'2' 'J 3:/* (23) fc^ffi 

a*fca. ttR&Pisas' y 3 >jg(23) triSRwcxy 

>fl»is-r*i4:tcJ:»J, ttrfB^^«g(10)±{CttflB 

•5«riWl®(26) fc;&**4HIIM«HttlZ>-!K40) &?#3X 
Si: fc^tr^WWHttt >tf ©Wtm 30 

B*#E 3 ] #5*giK(10) ©*®lC^ffi1iM(12) & 
JKtfWSXSi:, 

s/y 3>?x-/\(2i)©#®tc>>y 3>fe«jrtrficx 

y *13ffifcl«(20) Sr^LT^if£ B B a^ y 3 >»(23) # 

?aaatife«Bft»(24) &#fss$*gas' y 3 >ji(23) 

tRjSii:T^^Stg(10) »C«£"tSX«4:, 

flWBS/y 3>9x-y\(22) &tMBR(20) fcxy h y 

LTxy^>?T&£-t-5XS^ 
BuiaH(20) %R^LTtifRB^ISA^ 'J 3 >*(23) Srilffi 

iWBweas/ya^MCzsjsrjHRWJcx-j;^ 40 
i/fc**iiB*>y 3>^e>^-6-*f©@^ttii(27,28) h 

t<(gBS£*&(27 ,28) K»t*n*»oK(BBBWJ«S(i2) lc 

mt LTtffflB^m«^(i2) ©±*ic»aH-«*Bffit/ y 

3>*»6ft*^IWifll(26) i: Sr*-rsi|miM«itt-fe>^ 
(50) £#.5XSi: S:-&tf4 s 3WWWt*fe >i*-©SBB£#& 
[ff#3?4 ] ^X»K(10)lCG3g|5(ll) SrJBfiR-tSX 
S£, 

|gl i/'J n>«?x-yN(2l)©l^tS{cs/y 3>&a^ti: , r 
tcxy*>^tB^(20)fcjgfifc-r4X@i:, 50 
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n 2 %/ y =3 > >> x (22) fettnaK? i s/ y 3 > ^x-^ 

(21)©#©CKFBa«(20) Sr^bTlWy #to-tt©XSfc, 
buSB^I '><J 3>^x-yN(2l)©J5rj©/tiSS:mS©*3 
tCWJSLT^BSS/'J 3>M(23) &J&&t&JM£. 

msms&is y 3 >ji (23), Bufam(20)^t>*s&iB^ 2 

y 3>tf X-A(22)fr&fc5fl8&*(24) feftfflBftgaS' 
y 3 >«(23) jBW8BlfflfiP(ll) Ktf fa-*-* J: o lclolB^*5 
*3«R(io)tcS£?-*xei:, 

BUfEf£ 2S/iJ3>9i-;n (22) fciifSBR(20) fexyfx 
h «y ITi-y ^>yGfe£1-£XSi:> 
tWaK(20) SrfifeiS LXmiMM^y 'J 3 >Jff (23) £^ai 
S-Sfeffe. IWaP«faS/y3>Ji(23)S:38SWfcxy^ 
>m*t-*ii:fcj:y, l8BB3!/5xa6R(io)±{cie^ 

Lfc#isa5/y 3^e>ft*-*r©ias6«ffi(27 > 28) t 

BffIB-M©S^®l(27 ,28) ft*otfflE#5;*l6 

«(io) ©±*»cS«H-**JBas/ y p 

S(26) i: S^mWHRffi-fe (30) Srff-SXSi: & 

tfll*3C5] ^X»K(10)ICIHIS|5(11)^^SX 

Si:, 

i«^9^isR(io)©.iaaiJ(ii)©iisBStc*m«ffi(i2)& 

Hi s/y3>^x-/\(2i)©ffffiKi2/y3>S:iswtei* 

tcx >y ^ > ^prtg^li(20) S^BtfW-snaii:, 

» 2 S/ y 3 > i> x - (22) =&buI BH 1 S/ y 3 5/ i>x - A 

(2i)©^®(cstnBm(20) $:/rLTRSy^t>i±sxs^ 
jfjiBH 1 5/ y 3 > ? x (2i) ©S!i©^-ffi zmfeoimz 
KuwwLTJweas/ y 3>®(23) s^rsxsi:, 
B&iB^s H e B i>y3>M(23), iwai)i(20)&r«wa»2 2/ 
y 3>^x-^(22)*»e>J&*«Bi»(24) &|fflS¥ISA^ 

y 3 >ji(23)^sfffBiHiS[5(ii){c*nfij-r§ i e> tc«nB#5 
^.aHEdo) tcg^-r sxgt, 

mftBH 2 S/ >J 3 > x - /\ (22) $rBfj|BIK(20) &X y ^ 
h VZfMX. LTX«y^>^*f-g>XSi:, 
«^BM(20) LTtffBBSItfiS/ 'J 3 >M(23) 
a-ttfeft. ««B*ISa'>y3>jl(23)S:3«RWf-x«y^ 
>m*"rSii:tCJ:»A SuSB^5^S«(lO)±lcttf|B 

ttm«fi(i2) Kan* or»iH-*##tas/ y 3 

* Hl«rttR(26) &*-r -5^*ps-fe>-y-(4o) 6#SX 
Si: fc*fciNWHMfrfe >-9-©iSt*& 

[ft*^6] ^5^aHR(10)fC|!!I»(ll)S:JB«W6X 
Si:> 

IWB3!/5^aR(l0) ©EfiJUdi) ©/SB(c^ffi®i(i2) & 
^fi5cf SXSi;. 

H 1 >> y 3 > »> x - y \ (21) ©MSIC */ y 3 > 
tcx^5 L >y«Itg^)l(20) SjB«-rsxei:, 
H2i"j3>>t7x-A(22) &|ffiB$l !/ij3>(fi-^ 
(21)©^tB(C|^BH(20) $r^LTW l J^t)-&SXSi:> 

fffSBHi s/y3>9x-A(2i)©M©^riiiS:m3e©Jita 
tew® lt jp#sas/ y 3 >^ (23) sjg^-t -axst. 
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iWBWsas/ u 3>«(23), Bfji2Bi(2o) J &r>'s?jiam' 2 */ 

y 3>»>x-A(22)^e>«:S«Btft(24) SrlffflB^efiS/ 

y 3 >ji (23) ^BfjiaiagPdi) »c^-rs * jciwb#5 

xSS(io) K&&-t&JM£.* 

mzm 2j/'j3>>>i-/> (22) srifmaBK(2o) & x ? ^ 
masuw) m&^rm?m%gkis y 3>«(23) 

S-tirfctt. IfflBWeSS/y n>M(23) &jfflR«»cxy* 

^insss-fsziitcfcy, stiiB^5^a6«(io)±jcife& 

Lfcjpj»gi6S/y 3>3^e>3&S-»©H€«ffi(27,28) 
tofSBS^®i(27,28) IC&S; *l*oUflB*ffl«IS(12) (C 

miri LTBuSB^maii(i2) ©±*jctswf*-*#iiefis/ y 

(50) zmzxmt &^4HW*^*>*(oi8gm 
[«#«7] #5xe&(ioHcmgp(ii)&0^-rsx 

*i s/y3>fx-/N(2i)©fSffiic2/y a^&ftjtei* 

lex y ^> y5liB3BaR(20) Sr^fiWSXiBi:, 

lg2 2/y3>«?x-;\(22) feSfflBUl S/'J 3>^x-7N 

C2i)©tfffiKtfflBIII(20) &fHsTm&trtt&JMt„ 

(Cffilg LT^IgH^ y 3 >jg(23) feJBrt-rSJDgfc, 
tWB*#SaJ/y3>Jf(23), ,ifflBR(20)fttfgfflB$2*/ 
y 3>9x-A(22)*v&atS«KS»C24) Srtf/fBJ^^i/ 
y 3>M(23)#tWBB!l»(ll) Kl^lfrT* <fc 3 CtfflEj^ 
*3S«(io) *xgi:, 

tWB»2 S/'J 3>«>x-A(22) 6«trBE9R(20) Sl^X 

Bugan(2o) itmmiiz&ik urn mmmz&y v 3 y 
js^*m&m±izm&Lt~m£&is y 3 

#©HJfeWi(27,28) ttt«H-M©a^«^(27,28) 
**i*»o|WB^9^IHg(l0)©±#»caWH-s*|gffiS/ 
y 3>3&v&&* bI»«S(26) £ &*1-*iNWHJHS-fe> 

*(3o) zn&jmt. ^ts^mmizyvoywmis 

tffgS^xS«(10)©IHIS|5(ll)©MC^ai«^(12) £ 

gg 1 i/y 3>9x-/N(2i)©|fnB»c2/y 3>&g^it-f t 
{cx»y^>^*pl|gjfc|l(20) SrJKfiWSXgi:, 

as 2 2/ y 3 >^ x-/>(22) fcifraasg 1 y 3 >ui-/\ 

(21)©tfiBfc:tWBBI(20) fc^LTWy^tol^Xgi:, 
t&KB&l 5/'J 3>9x-A(21)©J5!|©^rB5S:m3e©ffS 

\zmm Lxw&gki/ y 3 >® (23) zm&t&nMt* 

«fflB¥ttft->y3>ji(23), «fRBR(20)fttjegfflBflS2£/ 
y 3> XW\(22)fr&fcS*8i»(24) fetinBttBAS' 

y 3 ^ji (23) ^wgEEagp (1 1 ) icttfcrt-s ± e> tcWBBjtf 5 
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BUnSH 2 y y 3 > x - A (22) fejluf 311(20) £ X y ^ X 

h*y:7*fcLTx.v^>{'T&*-*<&:aSfc, 
SagEfl«(20) Sra»?Wtc8feSUfc«. t&IS**§gS/y 3> 
»(23) S:lSWWlcxy^>df|»*-r*ii:fc«fc y, Mffi 
#9 xli (10) ±tc fflRBttfflttS(i2) f«j LT??ffinr 
'J n >fr fcfcs Bf®®i(26) 

Wx"fe>*(4o) zmzxmt z^ts¥mmmizy-v-<D 

[«#g9 ) ^XS^dO)lClHIgp(ll) SrJgfifctSX 

io Si:, 

Hff8B^xa®(10)©IHSP(ll)©Jg®tC^ffl«@(12) £ 

H l */ y 3 > ? x -/\ (21) ©jTOc s/ y 3 > feSMrtrf 
lcxy^>yaJt8&B£(20) SrJKfdWSXgfc, 
Jg 2 S/ y 3 > # x-/\(22) £liul2f§ 1 */ y 3 > <?x- A 
(2l)©tfBf»ctffltaR(20) Sr^UT«y^*>**xe4:» 

gases 1 s/y3>fx-A(2i)©M©^riii€:»f3efflffa 

Km»lsX$ffiik*/V 3>*(23) SrJgjdWSXSi:. 
«BB*«SfiS/y3>JS(23) % «fflatt(20)XlffiW3SI2*/ 

20 y 3>->x-/>(22)*»&«iS«si»(24) &«trBB¥l£a^ 

y 3 >»(23) ^iufBiasp(ii) «t e> tztmx? 
^aas(io) Km&t&nMt.s 

«|ia»2 S/y 3>9x-A(22) &itr8BB(20) S:xy^ 
hy^Wi:l/Txy^>y|»*-rsxSfc, 
idgBDI(20)S:3liR«K:|»*Lfc«. iW»BlS/'j3> 

mv3)itmm\z^y*ym.£*z>z£\z&i), m& 
^5xa«E(io)±K:»& Lfe*efts/ y 3 

M©©^«^(27,28) i:tl^Ba^«^(27,28) »c»*n*» 

otfjia^fflm^(i2) ic*finibTttfiB#m«M(i2) ©_t* 

•30 JcS«H-S^fi^y3>)^&ft*-BBB«|8(26)i:S:* 

tt-fe>-9-©§stm 

[«W©«i(««i«ll!3 

[0 0 0 1] 

r»w©«"**K#i»»3 *«w»4, #^aa!©Aais 

[0002] 

KBfc©&ffi] 3©S©^#«'[x-fe>-y-i:b 
40 T, <lWf5^»Si:*BfiS/y3>©|Ki^&«!*^B 

#Ji^•fe>■!?•3^)^|^$tlTV^S (M. Hashimoto et al., 
"Silicon Resonant Angular Rate Sensor", Techinica 
1 Digest of the 12th Sensor Symposium, pp. 163-166 

(1994)). z<D-tyv\mmzh-yayA-T*mii-r 
s <k o \z Ltz&xmmo sjwmmzmt&o zomm 
j:oTBffis*iT^*. fmmjffifa-t 

a>A-©®»JK:8!yta»S:iBiUT^«B-t*. 

ii^©prfi&m@©^jsic«k§pig&mtg^^ffiii®^©K 

50 ©»WgEft©a5ftKlJ:yfffflLfcft5tfilS:«a3-t*. z. 



5 

(D^y-V*\mirz>*M&\z\$, s 2 o o ^ mgfi©*g 

axotf (110) a>msski'V=i>£&iitm6&ffiiz 

ysf-tZt-MZllS F 6 #* K «fc K^-T X y ^ 

>ysr«-5*\ *v^ih-*/a yA-o^mmmu^ 

©tf W*©IW1UC Y AG I/— y-'T'TLfeW &ffo fc&fC, 

>y*ix*ff o U 3 >££l*KBffi&$IC J: y #t7* 
[0003] *^iJ©¥*ft^iz>-lJ-fcbT, ©S/'J 

R&£t-5 ittCctu nnims^ bT©# y s/ u =1 

•?&7£fi£bfev>f £ a (K. Tanaka et al., "A 

micromachined vibrating gyroscope", Sensors and A 
ctuators A 50, pp. 111-115 (1995)) #Hg^3;flT<^ 

is-y?imzm\>^im£te^T^z>. 

*©±lc*li!|4Ji£&.g> 'J >|fctf5;*IR«:J*ll)tbT/**- 
x>^bfc1&, ;J<y j>y3>£jEi8BIU JSKfiitxy^ 

&x^^>^c<ty^-rs3tic«tu, ^nmsH^ 
s« y «t LT^m«^{c*f ut ^ v y m b bji& 

[0 0 0 4] itcMcD^^'tt-fe^-y-^bT, 
zMmtm&Sii'V 3>©flBta»&ifc*S*v>f n*3- 
■^Al^SttTV^ (J.Bernstein et al., "A Microma 
chined Comb-Drive Tuning Fork Rate Gyroscope" , IEE 
E'MEMS "93 Proceeding, pp.143-148 (1993)) „ Z.(DV 

^v*yv*fi^tz.mzwm&u ^«»sff ot-bbb 

> £j&$CbT v \ V U n >ai£gp#£x v^y V\z J: 

yBtefe-tsitjcj:*;, floats. 

[000 5] 

tf&ofc. Zl(D|AU#g (sticking) $:R*<-fc*{CoII& 
£^bTi*«#a»&^WeB§ 
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[0 0 0 6] ©©V^O£/>>f nli, J/'J^^i- 

^4f & W < ' t #HI£T*&o fc. 3SIC<3>© W 4 

y^X h y ^SP#£ bT«3fi#^»S:^ia-rsfetf), x 
y^-x h y ^*j!M^S£©»&K:tt*--A:i:y*->y 

tci; y nnraffi^B£«s©9d«({9< & y , -*mm 

[0 0 0 7] XlcQfttfgMc&ttTtt. WffirStlgPi:^ 

vz^#m^mmm<Dm^te&z& y-r 

t*ffl«ffi©ffiKB8tS©'r*U4. -fe>-y-©ffi^rtc«^ 

[0 0 0 8] *«W©Btti4» U-ifiDX^^T?^* 
4Stcii-tS, «3^h©ifHI#«ffit>*©i5BS*jS 

A^<. Sf^T^S©^^l4-b>^©iSt^ 
20 ftiMlW*ii:fc*s. :«^©®CJM©BWI±. Tfffi 

[0 0 0 9] 

[^H5:»?^-r-5fe«?)©#s] tt#^nc^s^«, 

H l fojVt «fc -5 {c. s/ y 3 > 9 x- a 2 l ©^M(c %/ y 
3>&flWtfrf »cxv^>y5Ti6ftBt2 0 S:^bT#^ 

n>> y 3 2 3 «^sn&«Bg# 2 4 tatmmsk 
j/«j3>i2 3 srSshfta-ttr^^ieiRi o iciest* 

30 !/WilLTXy^>y|ft5Sf&n«4:, K2 0S:B5Sb 

r#^s/ y n 2 3 #^a^> y 3 

>M2 3ft3BRBSHCxy^->ir|ftJ5-r©i2;K:J:y, ^ 

7xasi o±K8tebfc#»fts/y3>a»&fcs-# 

0@Sii2 7, 2 8t^M©@^««i2 7, 2 8ICi 

*n^o^5^i6R i o ©±*»csw^&*iBas/ y 3 

>J*e>**TiMMt«2 6 ^&^t-5^^'tti2^-y-3 

[0 0 10] ff$£ 2 H4Kj3VTJ:^ 
40 ic, ^ 1 0 ©^BtC^ffitt® 1 2 Sjgrt-f 51 

a^xffli 1 0 ©tHigp 1 1 (Dmmiz&mmM 1 2 

■kmmt&JMt. s/ y 3 > «> x - a 2 1 ©tt®tc */ y 

3>$:g^iJ:-f Icx«y^>i7-njtg^m2 0 S:/i-bT#*£ 

fit/ y 3 2 3 jw»*3*ifc«afitt 2 4 ^fffga^L^ 

>>y ays 2 3 S:*f|Bl3^:T*'5X^ 1 0 tCg^-TS 
iSt, S/'Ja^i-A2 25:l20?:x»;f^h7 
^iibTx^^^^B^-r-SX^i:, H2 0S:GfcSb 
T*JiaSlS/ y 3 >M 2 3 Sr@ffl$i±m 4M@£S/ 'J 3 
>JB2 3S:iBJRW»cxv^>in!fefi-r*ii:tcJ:y, ^ 
50 9^ffitRl 0±fC«W«flil 2IC»fiILTSaW6*K 
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[ooii] fflf#jg3icfl%a$Mjtt» msic^-r ±-5 

ic, jtf^^aStSl 0©*lSfc«iffi«ffil 2Sr^t-t*X 
gfc. o©Hgpi i©jgHfc«ffiWIi 2 

fcJ&a-tSXgfc, J/'Jn>fx-^2 l©#BSlcS/y 

^Ihbti7f>^mii:> Jg|2 0£|&£L 
T*|gfi£/ U 3 >jf 2 3 Sratffl U 3 

©@Jg®|g2 7, 2 8£H£WI2 7, 2 8JC«5**l*»- 

o^m«ti 1 2 tc^ifii LT^ai®i 1 2 ©±#ic??s&-r 

{WRtt-fe 5 o &*»s:cg£ &-£fc¥«WMKIx-te 
©»6i#8sT**S. 20 
[0 0 12] ffi&£4 tcffiS^Wli. HI tCSVtJ:-5 

tc *f9xw&i otciagpi 1 &«8aw-*xefc, »i 

S/y3>»?x-^2 lcDM®lCi/Un>$:g^ti:-f{cx 
y ^ > ir^rtBJteK 2 0 £^ffct£X;g£, »2*/'Ja> 
?x-A2 2£«S1 J/ij3>fX-^2 l©tfffiJCK2 
0%^LT|AtJ-^*Ji±-5X@t, 

2 1 ©»j©Mis&m)e©j*ajcwi(jbT*»eii'>u 3> 

Jf 2 3 feJt8fc*ft:DfI£, jpjBfaS/'J3>M2 3, fl£2 
0M2 S/U 3>?x-/\ 2 2 fr€>&SMSBft2 4 £ 

w&ki/ y a 2 3 swaan 1 1 tcas^rr s a e> tc^^ 30 

xSM 1 0 tcjg^-t^x^ii, «2*/U3>9x-y\2 
2&I2 0 fcxvW K>y^Mi:LTXy^>^B*-r 
*Xgi:, 0 &B^bT#ISii'>U 3>Jf 2 3 £M 
mS-ftfcffe. i&i&II^ 'J 3 >S 2 3 S:i^65lCX>yf> 

*/ y 3 e> j&* -*f©@5eWi 2 7, 2 8 

©@^tt®2.7, 2 8 fCifc**l*»-33tf9^l6tR 1 0©_h 

i$KW$ib+6m6&i/ y 3>3^e>*s ^wm&2 6 1 & 

^1--&^#?H't4-fe>"y-3 0 &»s:Egi: 

«1xlZ>tf©*66#iST?;fc<&. 40 

[0 0 13] 8S*a5fC«*«l|it*. 04}ojVf £3 
JC, #5*fflgl OlClSgpi #5 
l 0 ©M3P l l ©jgfilcftfflttIS l 2 &jgj*ts 
Xgt, *li/Ua>!>i-A2 l©WBBlc£/y3>S: 
«*frf tCXy^->iT5rtBftR2 0 £^$1- §xg£, 
JS2 2/y3>'>i-^2 2S:lglS/y3>fx-/>2 1 
©tfffilcR 2 0 -fefl- UTJMi »J ^fo-SaXgi:, H 1 S/ 'J 
3>«>x-^2 l©»!I©^SS:H!ft©ffSK:W*LT# 

tea*/ y 3 2 3 &?g«-r &xst. #*£lfr> y 3 > 

M2 3, Bt2 0Xl«B2J/y3>^X-/N2 2^&3&6 50 
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mm®. 2 4 &j)it£&*/ y 3 2 3 fm» 1 1 tc^i^rr 

« «t -5 ic#5*3£lg i o jcjg^-rsxgi:, £ 2 s/ y 3 

>^i-A2 2 &I2 0 &xyf^ h -y ^ii: Ltx-y 

^>^i8*-rsxei:, K2o&»*L/T#igffl'>y3 

>12 3 SrRHJS-ttfcft, #*SHt/y 3>M2 3 feggft 
W»cxy^>y|»*-r6ii:lcJ:y, #5*a£Kl0± 

ic&ftftfii 1 2 {c^L/T^ffirrs#*s^i> y 3 

Xg£ S:-g-tf4 i ^'IIffil2>-9-©^t^T'*)^o 

[0014] mUR 6 »Cffi*«Wti, 0 5 Vjfct* ? 
tc, tf^xiSfRl OtcHSPi l fcj&fct&xilfc, #5 

i o ©tagp 1 1 ©/s® jc^mmfi 1 2 tarn** 

JMt. Ili/U3>'?x-A2l0|li(c^ | j3>?: 

g^it-r{cx^^>^Bitg^K2 0 zmm-r&zMt. 

m2isVayVx.-j\22Z%Zi i/Vny*jx.->\2 l 
©ttSlOSU 0 fc^LTHfiy •&*)-e*:DB£, 1*1 l S/'J 
3 > x -/\ 2 1 ©5JIJ©#® &mj£©JP3 tcffifll 

y 3 >» 2 3 fejgBWsxe t , y 3 > 

M2 3, 12 0X^2i/'J 3>"?X-A2 2^e>!fe5 

mm 2 4 y 3>m 2 3 ^ihisp 1 1 tc^iRj't 

S«ke>{C5tf^x«^i o»c»^+.*XSt, ^2i/'j3 
>i5i-A2 2W205:X«y^h'y^Iilltx>v 

?-y>fm£-tz>jMz.* m2 0 fein^LT^fesi^y 3 

yM 2 3 5rSffi$-&fe^, y 3 2 3 

»tcxv^>iT»*-r*ii:lcJ:y, ^7^101 

jcs^bfe*^s/y 3>*»e>fcsHt#©iaj£««2 

7 , 2 8 — *f©@^®i 2 7, 28 {C^* n^o^fv 

1 0 ©jb#»c#»"rs#*sas' y 3 >^e, ifesBf 
K«ffi2 6 a ^m^^mms&^y-^ 5 0 

[0 0 15] 9B*«7(C«S«lfili. muzrt-f&o 

ki, ^^assiotcEiiJi l&^-rsxe^ mi 

i/'j3>^x-^2 i©MSlci/y3>S:S^iJ:-ftcx 

v^y^wm2Qwm*&?m.£, %2vv^y 

«>x-^2 2&jgl S/'J 3>«>X-^2 l©#®tC|g|2 
OSr^LTRSy^-BrSX^t, jgl £/y 3>«>x-A 

2 1 ©j5ij©jts&m5feo/p atcw*bT*isiis/y ^> 

M2 3&J»ai-*XSfc. fl5ii/ | ;n>12 3 > R2 
oarje»2S/y 3>«?x-/\2 2*»&fe6*Bl«c2 4 5: 
2/ y 3 2 3 ^G3SP 1 1 tc*f fa-f 3 J: e> tc^*^ 
7>S®i Oizmirfznmt, H2i/y3>^x-/\2 

2 S:IK2 0 fex^W h V ^Wfc ltx>yf>^£t 

axgfc. i2o wicisitt, m^r B ^y3 

>JB2 3fe»RWfCXy^>y|»*-r6ii:tCj:y, 

o±K8^ufcJ*«as/y 3>j^e>«!s-*i- 

©HS®*12 7, 2 8i:-*f©@^ffi1i2 7, 2 8C« 

*^o*7Xi« 1 0 ©±*K?HB1-6#JKfil2/ y 3 
«»«HHi2 6 tS:^ftijmiMWRtt'fe>*3 
0 S»sxgi:&^i|M!ll»flHxt>*©f8ft^-e* 
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[0 0 16] 8W»S8K:«a«Wl4, H8{CaVtJ:^ 

ximi o©mgin i ©iasfctfem«ffi 1 2»&i-5 
Hi i/v^yv*-j\2 i©M®tcs>U3>£ 

a*trt*£xy^>ifHrtBfcffl&2 0 ZB&t&jMt, 
f$2i/V 3>>)x-M2 25:il S/U 3>?x-;\2 1 

©#Bfflctt2 o &^LTfliS»j-&t3-e*Jcgfc. as i s/'j 

3>^x-^2 1 wtoffi&imamzKMBi'Tm 

jgHr> U 3 >JB 2 3 fcjgjfct sicgi:, Un> 

jg2 3, R2 02Mflg2S/U3>tfX-7\2 2fr£>&S 
Wm- 2 4 U 3 >* 2 3 #|HJg|S 1 1 lC*f falT 

S<fc-5C^5^3S«lO»c»^-r6lSi:. 3S2S/U3 
>^x-/N2 2&^2 0&x>v5 1 Xh^7 f 'Mi:LTx^ 

Bl2 0&aHRl»fc|»*Lfcffe. 

'fcicfcy, #5x®Kl 0±\z&m9Mi 2\zMfaLX 
8mir&m8Biis» 3>j6f»e»*:S ««Mlffi2 6 

[0017] flMBgscffi&aifta. 09tc^-r<te> 
^^asi otcmspi i -5x*st, %*? 

XSSI 0©l3«$l l©J£iBt:#ffl«Sl 2&JK0W* 

Xigt, ffl J/'J3>[>I-A2 1©W®ICS/U3^£: 
§^i±-riCX«y^>^Brtg^M2 0 SrjRrtW-SlUfcv 
gg2t/U 3>?x-A2 2&|gl J/'Jn>>?X-A2 1 
©#®lC|g|2 0 &^LTJtt»;£tr&*:DBi:, «5 1 S/U 

3>^x-/N2 i©»ij©^riiifc»i3efflffaK:«WUT# 

isas/ u 3 2 3 ^m-^jMt.. u 3 > 

Jf2 3, R2 0&tfjg2S/ij3>9x-/N2 2*te>&& 
2 4 >J3>I2 3 1 1 KlSJlfiirt 

*J:e>lC#5*a6«l OKg^SXSfc, K52S/U3 
>Di-;a2 2 6R2 o ftiy W h-si^Ii: UTiy 
?-y>m£-tZXM£. B2 o £5g#«Mc|&£Lkgt 
jp*8ffiS/ U 3 >® 2 3 &^WICX y ^ > m*-**S i 
£{C<fc»J, #5XS1£l 0±tCg^L3fe*|gft^U3> 

^&ft*-*f©HJ6«S2 7, 2 8 i:-*f©SS«^2 
7 , 2 8 JCSt**l3^o|ftliJ«S 1 2 {C*ffpJ LTtftffl«fi 

1 2 ©±*KHMB-ffi*B*2/ U 3 & BrtSfMi 

2 6 £ Z&t&tFMttffiteyV- 5 0 £*#SX@£ 

[0 0 18] £©flW^lfcV*L9£ffi6»BlE&8ri? 

«t££ffiv^©T% -fe>tra*£»»W£K tfcBJKi 
«ffi»fc*HifWaW4:©75-f ^ > h &Pt#©S^C 
tfdtiE*«ffflcJfc'«T. 2fs®©ll#«2, 3, 5, 6, 
8&tf9K«*S8t#Srctt, RmftfiMfiHs&&ft-*-st(r 
JCH#©SS&Stf^fe«), S^tc«ffi««Wi:©75 

4*y b zn$<mtfte<* Tmm/ffim»&it&&< 
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«flii:©ffi«BB«©'ftH4abMStcaiA.6>n*. r©fc 

[0019] *wanre, u 3 >&s:firthr 
{cx. v ^>^Bi^&)jij asm&x-y^^m* 
SISfC S/ u 3 i^x ^ * y h zm&z. 

hv^flfcLT^'tSfiStCtt. fuSax>y^-v> 
hiHiM&Sx^-V^MCtoT, ^U3>©#.£x 

10 Timim^mtM&timfbnzo *m}Ki&\x. 
m 2 p u 3 x-a 2 2 ©*gji;#<fi«±. x.vryym 

(110) #&©&©##?£ L<{g 

[0020] 

[#8^©^SS©^ffi] #JW©$8S©Jg«l«:BBfflc*3 
»f!©«S 1 ^^M©4*aMWWt-fe >t3 0 teitfilM-fe > 

*t»*ot. ^7.m§.i o±izmm^nt=.m&9M2 
7 &t>' 2 8 ©r^tc ori&wi 2 6 6tt6. «n&m® 2 

20 6, HJ&8&2 7fttf2 8l*. **i-«i*ieas/y3> 

^ibJ&U, «fi2 6£:«fI2 7&tf@f&2 6i:«<i2 8 

©Sv^»c^i^*Wd*H«mc?K«a*i*.- «rKr®12 
6tt^Xfiil 0©±jEr(CffidKU KT-A3 1,3 1 

tttC&oT!r*&. KT-A3 l©^gP3 1 aliS^l 0 
±fCH*a*l*. Effio%L«!t^ tf-A«3g§P3 1 a, 

mmvMz 7&t>*2 8tcttfflKiKi«sa3iiw*sn6. 

iOiNWfeffttt-fe 3 0 Tftt. 2 6 tC*f U 

T, BI©^SIT^-rJ;e){Cbf-A^!gg|5 3 1 afc3 1 a 

tftm^2 6iitf-A3 1, 3 1 bTiBIH-6. 

Rlift®12 6 i:H^«i2 7&t>*2 8CDm<Dmmfctf 

7&rj«2 8©iaiffl»«s*WKfi:-t6. ^©^m^s© 

[002 1] ?^IC, *f§^©^ 1 HJS^^©^^IS'(x 

■fe>-9-3 o©j»g*i5Bcov^Tak<s. m i tc^-tcfc^ 

tc, l 0 7 v Mft ^*©x «v ^ > h T- 

x«y^>^LT|HIS|51 *1S/U3 
40 >^x-7A2 l©MBff{C2/U3>S:?S^ri"lcxy^> 
^HTIgjWBl 2 0 SrJgdW"*. 3©K-2 0 t LT«, H 1 

5^tm©flL fl3S*tB*ft (CVD) ^T'S i H 2 C 
1 2 XW:S i H4tNH 3 ^Sffl^TJK«Sn*fifl;S/ 

u n^^w^M. mmizmim2 o sj^l 

fclfe. H2i/'j3>t7x-^\2 2&1P1 i>ij3>^X- 
^ 2 1 IC^-fbM 2 OSr^L/TRSy H 2 */ U 3 
>^x-/\2 2jawy-^ba*iTv^Mn©Sii ^ja 
>-?x-^2 l©«iBS:-f-©±«Bfi!ta*iTV^iWfctt 

50 20 tmzmEjkxmme&m^Tm&eymts Kwm 
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MSS/U=J>JB2 3, SKbK2 02tt8£25/y 3>*x 

2 4 1) 3 >JB 2 3 #[HI3|5 1 1 (C;ft|6]-r.?> <fc -J 

©x y ^ > h \z i y # 2 i> y 3 > ? x -;\ 2 2 fcgtfb 

*UT#»llS/y3>'jS2 3S:ltmS-tt* Q -f®tfe. ft 

ffl bfewsas/ y 3 2 3 <D$m\z*tiv *vy 

«tiJT;i/5-^A (Al) ffl|2 5&JgtftU 

*y#ttfi\\ -*»k:a 1R2 s&K&s-rs,, i*itc«t 
y **SI&2/ U 3 >JB 2 3 tfQBIRWtcxy *->y|jfeisS 
tu ^5^aHgl0±lcS^bfc^«fllS/U3>^&35i! 

£-*f©@5£«tfi2 7, 2 8fc—k©BJ£*«2 7, 2 
< 8 JCSE**W&»-33tf 9^36* 1 0 ©±^{C^iS-t--5#l£^ 

s/u 3>^^>«;sprK)ffi® 2 6 fcjw^sjhfc^mwwit 
[0022] m3%.xm4 iiM2m^mm<D^mi^m& 

x^i o±{c@«$ti^##2 9®ia(CHnmni2 6 

j/ija^&fty. MM2 6 imtm&tm 2 9 tcraui 
fe*wTJR»an*. Bnwts2 6»4*fttamsi 2©± 

#{C&g U 3 1, SICAtJ ^©M38#33f 2 

3 l©g38£P3 1 a«##2 9©ER*2 9 aKHffiKbfl* 
■oatSl 0_tlcB*£*i,5. HwLfcvvW. ^-A»3g 
g|53 1 afttmifllii 2ttt«9»J»C««BiiW*««!S*l 
6. 3©^#«ffil2>-9-4 OT'tt, «nttttfi2 6iC*t 

BMWB2 6ttbT-i»3 1, 3 1 LTSBBr*- 

*. »Ii«i2 6i:^ffi«ii 2©p^©p«#j£#ofc 

y, R^ofeyrsfc. ■5iimii2 6^ai®ii 2© 

[0 0 2 3] jfcfC #?gl?S©liS2g®£i5Jt©4^Mt1x 
■fe^-9-4 0©9$&H&CObvtt£/<*. E|4{C^-rj:e) 
jfe^5^«Sl 0lC7viWji^©X'5/f-V>h7f 

xy^>yurm»i 1 «K«U £©IHIS|51 l©/&® 
n&BMte&z£VAu, pt, C 

u & ^&as^fefU*z>ii^^e>ft*«mtMi 1 2 & 

JBfifrfs. ii»lo»Mi:Bii:<T 
v\ 8i*/'j3>i>x-A2 i&*ttHbUT-£©fflSK: 
IWbBt2 0 SrJKRJW*. JB2*/U3>^x-/\ 
2 2£ffll 5/>J 3>tfx-;\2 l(C|HblR2 0&^UT 
Wy^txli*. «2£/U3>9x-y\2 2*%y-&*ja 
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*IT<^&^{R!I©3|1 S>y 3><?x-,'\2 1 ©3t®£-?-<Z> 

±«c?gfi!isnT^6awfciii2 0 t&izfmvmzizwm 

IltTWHi/'J 3>Ji 2 3 

*BBS"J 3>J®2 3, SHbR2 0&l>*||2 S/IJ 3>? 

x-;n 2 2 frbte&ffiim 2 4 jwgfijtana. ^©@it 

ft 2 4 3 >® 2 3 #|H» 1 1 lZtt\ttt -5 i 

e> k#5 xis 1 0 khhb&&i- -5„ 2 s/ y 

3><?x-yN2 2S:®KbM2 0S:x^5 : -xh>yy®tL 
Tivf^i^St*. $C^T?fiMbfll2 0 SrBfefel/CJIi 

10 *sas/U3>jf2 3 fettms-tts. »mbfe# 

JgfiS/'J 3>M 2 3 ©^ffi{CXA°>y * y >4f|C J: y A 1 
0?2 5«:7BfifcU ^*-x>yLfe«, SF6**XfC«fc 
S<SHT»©#t&ttK5>fx»;^->yfefft\ *6»CA1 

012 s&nsa?*-*. £*ucj:y*ia&2/ij3>S2 3# 
3KR»lcxy^>yi»*s*u 0±tcg^- 

L36*Bfaj/ y 3 >^ e> 29, 29 2 
9 , 2 9 ic#* n*»o«m«a 1 2 ©±^tc#ifr-r 
iSa^i/y 3>*>e>&«^r»mffi2 6 ttfBf&znfc^m 

20 [ 0 0 2 4 ] H 5 6 tt^ 3 ^g^^©^£^'W'l4 

•fe>-9- 5 0 &^-r„ 3©^#:'iittiz>-9- 50teftmm 

«2 7&t)f2 8©P^tcWX«5t©-*f©«rtJ«i2 6, 
2 6 Sr^-t-S. oI|&«^2 6, @^«fi|2 7^t>*2 8 
ti. •f*l-f4TJWSfi£/'J3>*»6«:y, «i2 6^«® 

2 7^?>'«i2 6 £Wi2 8©svsc«i^rrsa«&-*Hf 

^J=Jg)«a*lS. "S«W^i2 6, 2 6l±#5;*g«tl 0 

fcjgfiRstifcimaj i i©±*{c^gu 3^m©tf-i* 
3i, 3 i tci y -t ©isflB*<3a*an. ^xss 1 o 

30 ICjtfLTSWJCftoTV^*. tf-A3 l©lfiSBfflJ3 1 a 

aj©»aj:y/j\av^s©iftm«ii 2jwe«a*is. 

Ea^UJOsV^ tr-£,S3§}g|53 1 a, @^«fi2 7&tf 
2 8, *&ffi®il 2lC»fiB'J(C«fti3li^«:3n. @S 
H2 7M2 8 SrPPJn U J: y nf 

>*5 0T»±. ■5IKl«i2 6, 2 6C*rUTtf-isdfi« 
SP3 1 a i: 3 1 a fefe43W«:**i>fc LTAjSaBW^Mt" 
*^ «lWlWM26, 2 6K13y*yA*^l5Ti©* 

40 y&iKoiaytcjgyjHBSrjeiL-cftiK^*. 3©^iR© 

©nJI&«1i2 6 il^tfiffi^l 2 t©P^©^ffi^*©^t 

iz& Lfc^aaDWftmati*. 

[0 0 2 5] *»c. *^©^3|Qg^^©^#:'li:'tx 

LTvmi i^mu ^©ihispi 1©^® 

izx/iytvyif* S^^^ctyAu, Pt, c 

50 t\ »12/U3>'>x-^2 lS:«iWbl/T*©IIBBK: 
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mtM 2 0 Sr^fiK-r 5. . 15 2 'J 3 > 9 1 -;\ 

^ l J H 2 S/ U n > x - A 2 2 #ft$ U 

4xT^*^ffl!l©Hl ^U3>^a:-A2 1 ©St®^© 

±tc?B«S*iT^siWbtt2 o fc#Kffij£©JssicffiB!i 
Wig bT JWS&S/ y 3 >Jg 2 3 *ffl*SS. 
#*til$/y 3>g2 3, gM2 Ofttf«52 J/ij3>9 
i- A 2 2*'£>&&fl£e#2 4 jWfSfltSftS. 3©#£ig 
# 2 4 & Jft££*/ U 3 >Jg 2 3 #|Hfgp 1 1 tCMl&J-f -5 <fc 
■5K#9*I6«1 OlCRBffiB^-rs. ■€■©& «2S/U 
n > *j x -a 2 2 %gftfUR 2 0 £x y h y £: b 
Txyf>yiSf5. *V^IWUR2 0€:|!teSbT# 
#SS2/U3>JB2 3S:»ffia*s. *©&, Iffibfe# 
JKift^U 3>M2 3 ©^tSfCXAy # U >y{C«fc »J A 1 
«2 5«:fl&*U ^-Xl/^bfefc. SF 6 #XtCj: 

*<KfiT?©«frtt w x y ^ > f feffvv. «^{c a i 

fit 2 5 £Bfc2rt-S. ZfttCfc y*BftS/U 3>«2 3«l 
SgjRlftlCX y > tU #7 XglK 1 0 ±{C&£ 

bfc*Kffi2/U 3>**e>**-#©HfiWi2 7, 2 8 
£-*f©H?£«*i2 7, 2 8lCj*±;ri**3|feai«ffil 2 

[0 0:2 6] H 7 teH 1 gaG^JB©¥$ftllfl£-k 3 

o ©»ij©t8t#Ss&s*. i mmm<D^ >t3o® 
£6££©ra&A& 2 4 ^^7^i« i o iz.ms 

bifetfe «2*/'J3>'>i-;\2 2*BWfcBt2 0&Xy 
^X hy^itbTxy^^S^SX^ST'teSfll 

£Hi&£Si©S$£i: |si bT*$> y , **uKlfe©iiB-effia"t 
So apt., 2 4 &«t&-r*£ 2j/'j3^i-^ 

2 2©xy*-2/*T»*lCj: yflttb&Btfb0g2 0 &7y 

0 a , 2 0 bW 2 0c SiBBA?/ y 3 2 3 ±131 

®KSttK9Wxy^>^S:ffv\ AftlOMbBU 0 
a, 2 0b&£>*2 0c£|&£-t-5., ZttfC.fcy-IMSI&S' 
U 3>* 2 3 #^M{CXy^>^Bfc££*u 
«1 0±»C»^b&*ISa2/ , ;3>*»6«tS-*f®H* 
®f!2 7, 2 8 £-*f©@5£ffi*f 2 7,2 8 ICj*4*M^ 

•Dis^xsm i o ©±#ca*w**BSs/y 3>*»e> 
&z>mmM2 6 fc«^a*ifc^iwwt-fe>-^3 o 

too2 7] m8itm2mMm0 i mi^m&±y^4 

0 ©B!l©aBBi#85£ja*r. 3(1 2 £&gffi©i? >i^4 0© 

«ai:«>ffiaww*. «^ 2 4 1 0 ic&£ 

bfctfe. *2S/«j3>«>3:-^2 2S:BMfc|«2 0S:xy 

£. apt., H7Ta%t«fiS4:ra«^ «fig#2 4 £*pf$ 
f -5^2 S/U 3>i>i-A2 2©xyf->?T&£lc < J;y 
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A°^-x>yu SWtK2 0a, 20bM20c£f 

y 3 ym 2 3 ±KjfflR«nc?g)«-r s. 

T\ S F6 tc J: 5iffiHT©J£&fx >f x y f- y $r 
StffK Sttiffi2 0a, 2 0bW20cfei£ 
■fS. £ftfC«fc *J U 3 >JB 2 3 #QBiR«fcxy 

^>m*sn. #7*gMi o±jcg^bfc*jeas/ 

U3>3^6»J&*#ft2 9, 2 9£*#fc2 9, 2 9tft4 
tl*^ottm«fll 1 2 ©±#K$?«W-<&3i*SSS/ y 3 >fr 

10 oaw&ns. 
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